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Abstract 
Biosurfactants and biopolymers are key players for microbial enhanced oil recovery (MEOR) mechanisms. These 
biomolecules can be produced In-situ or Ex-situ and can be utilised for enhancing oil recovery. In this study, several 
aerobic spore forming bacteria were isolated from diverse habitats for ex-situ MEOR. The selected 16 isolates were  
identified by 16s rRNA sequencing and screened for better biosurfactant and biopolymer production using different 
production medium at shake flask level. One Bacillus subtilis strain W19, was found to be a promising biosurfactant 
producer and it reduced ST and IFT from 72 to 27mN/m and from 46 to 3.3mN/m respectively in less than 20 hours.  
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1. Introduction 
Various chemical or physical (for e.g., thermal) enhanced or improved oil recovery (EOR or IOR) 
technologies are used worldwide to treat declining oil reservoirs.  Amongst those techniques, considerable 
interest has been generated towards using microbiological techniques for enhancing oil recovery known as 
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microbial enhanced oil recovery (MEOR). MEOR have several advantages over chemical methods, including 
environmental compatibility [1]. Biosurfactant, biopolymers, and biomass are amongst the key players in 
MEOR. It has been reported that several spore-forming bacilli are producing potent biosurfactant, which 
reduces IFT between water and oil to ultra-low IFT. Biosurfactants aid in recovering oil by reducing IFT 
between oil and water, whereas, biopolymer increases the viscosity of formation water and thus aids in EOR. 
Several spore-forming bacteria were isolated in this investigation from local garages and oil field, and 
screened them for better biosurfactant production. Selected isolates were further screened using different 
carbohydrates based minimal media for better biosurfactant producer. 
2. Experimental procedures 
Samples were collected from different garages and petrol stations in Oman (from Al-Hayl, Al-Maabila, Al-
Gala, Al-Wadi Al-Kabeer) and from Wafra oil field, Al-Bahja area. The samples were placed in sterile 
polyethylene bags or sterile flasks and stored at 4 Samples were boiled at 100  for 45 minutes. After 
cooling, the samples were serially diluted and plated on agar containing media plates using Autoplate 4000, 
Spiral Biotech, USA. The plates were incubated for 72 hours at 40, 50 and 70 , and checked for well-
isolated colonies. 
The biosurfactant production was screened by oil spreading technique [2]. For production of biosurfactant, 
microbes were inoculated in 50ml of Mineral Salt Media (MSM) [3]. The highest biosurfactant activity was 
indicated by the largest diameter of the clear zone and the best isolates were selected for further study to 
measure the activity of the biosurfactant in minimal media. After primary screening of biosurfactant 
producing isolates, the positive isolates were studied by different morphological and biochemical tests and 
identified by 16s rRNA sequencing. Bacterial DNA was extracted by the 'Ultra CleanTM' Microbial soil DNA 
[4]. A 
standard PCR processes was used and the primers sets which used were: -
AGAGTTTGATCCTGGCTCAG- -GGTTACCTTGTTACGACTT-  Identification of 
microbes was done by gene sequencer at Macrogen Sequencing Service, South Korea; and the microbes were 
identified.   
The selected isolates were studied for their potential of biosurfactant, biopolymer and biomass production 
in 9 different reported production media (Table 1) for Bacilli. The samples were analyzed for biosurfactant 
production (Surface Tension and Interfacial Tension), biopolymer (viscosity), and microbial growth (OD660) 
every 24 hours for 72 hours. All measurements were made on cell-free broth after centrifugation (11,292 g for 
20 min), and were analyzed at room temperatures. Production of biosurfactant was analyzed by measurement 
of ST and IFT using pendant drop method using the Drop Shape Analyzer, DSA 100 (KRUSS, Germany). For 
biopolymer production, 1 ml sample were analyzed by viscosity measurement using quartz viscometer (F5 
technology, Germany). The experiments were performed in duplicate and the results reported are the mean of 
three independent experiments. 
3. Results and Discussion 
Total of 72 spore-forming bacterial isolates were isolated from garage samples and oil well samples, out of 
which 16 were selected for further studies, based on the results of oil-spreading technique. Those 16 isolates 
showed bigger zone of oil-spreading as compared to rest of the isolates (Fig. 1), and were given the code 
names - B2, B5, B6, B7, B13, B17, B23, B25, B26, B28, B29, W7, W16, W19, W28 and W32.  The 16 
Bacilli isolates were identified using 16s rRNA sequencing and 15 of them were identified as Bacillus 
licheniformis and one as B. subtilis. The sequences were deposited in National Centre of Biotechnology 
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Information (NCBI) GenBank and the isolates were given Accession Numbers GU945219 - GU945234. 
Table 1. Production media composition for biosurfactant production 
 Production Medium 
Composition (g/l) 1[5] 2[6] 3a[7] 3b 4[8] 5[9] 6[10] 7[11] 8[12] 
Cane Molasses - - 80 - - - - - - 
Date Molasses - - - 80 - - - - - 
Sucrose - - - - - - 10 - 20 
Glucose 34 11 - - 20 20 - 20 - 
NH4NO3 1 - - - - - - 4 3.3 
Na- Glutamate - - - - 5 - - - - 
NaNO3 - 4.4 - - - 4 - - - 
K2HPO4 - - - - - - 13.9 - 2.2 
KH2PO4 6 - - - 1 - 2.7 4.08 0.14 
Na2HPO4 2.7 - - - - - - 7.12 - 
MgSO4.7H2O 0.1 0.8 - - 0.5 0.4 0.25 0.2 0.6 
FeSO4.7H2O 0.00165 - - - 0.15 - - 0.0011 0.2 
MnSO4.4H2O 0.001 - - - 0.005 - - 0.00067 - 
KCl - 0.4 - - - - - - - 
CaCl2 0.0012 0.27 - - - - - 0.00077 0.04 
Na-EDTA 0.000745 - - - - 0.2 - 0.00148 - 
H3PO4 (85.4%) - 1.0 ml - - - 0.5 ml - - - 
CuSO4 - - - - 0.16 - - - - 
Yeast Extract - - - - 1 - 1 - - 
NaCl - - - - - - 50 - 0.01 
(NH4)2SO4 - - - - - - 1 - - 
Trace elements* - 10 ml - - - 1 ml 10 ml - 0.5ml 
The 16 selected isolates were studied for their potential of biosurfactant, biopolymer and biomass 
production in 9 different production media. For initial screening, amongst 16 Bacilli isolates, 9 different 
media were used with 2% (w/v) carbohydrate as carbon source. The samples were analysed for biosurfactant 
production (ST and IFT), biopolymer (viscosity), acid production (pH change) and microbial growth (OD660) 
every 24 hours for 72 hours. Amongst all 16 Bacilli, B. subtilis W19 showed highest reduction in ST and IFT 
in production media 5, 7 and 8. The results are shown in figures 2 (A-D).  
24 h. Whereas, ST (<25mN/m) and IFT (~5mN/m) were reduced prominently in media 5, 7 and 8. There was 
no significant variation of viscosity in all 9 media, but highest viscosities (~1.5mPa.s) were observed in media 
3a (cane molasses medium) and medium 5 (Fig 2C). No acid production was observed as the pH became 
alkaline in all media after 72h, except in media 1 & 4 where it dropped to 6.0 after 72 h. Significantly biomass 
(OD660  
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Fig. 1. Clear zone diameters by selected 16 Bacilli isolates using oil-spreading technique
(A) (B)
(C) (D)
Fig. 2. Biosurfactant (A, B), biopolymer (C), and biomass (D) production by B. subtilis W19
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Previous researchers reported that aerobic microorganisms present in the well salinity are predominant by 
gram positive, facultative and spore forming rod bacteria [13]. Kowalewski et al. [14] reported the induced 
effect of bacteria on increase of wettability of rock and reduction of IFT on oil recovery. Youssef et al., [2] 
examined in their study B. subtilis and B. licheniformis and other species related to them their ability to have 
MEOR characteristics. In the present study, out of 72 spore formers, only 16 Bacillus species were capable to 
growth under aerobic and anaerobic conditions, able to survive up to 70ºC, which is an oil well condition and 
capable to grow at high saline conditions similar to the oil well salinity (150000 ppm). B. subtilis W19 was 
found to be a promising biosurfactant producer and it reduced ST and IFT from 72 to 27mN/m and from 46 to 
3.3mN/m respectively in less than 20 hours. It should be studied further for enhanced oil recovery 
experiments. 
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